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Smooth grains in the Peace Rivershocked matrix
previously described as maskelyniteare not diaplectic
glass but a crystalline phase with a stoichiometric com-
position (6 cations/10 oxygens). They formed upon de-

or arethey melts that were quenched to glass, orthey

crystalline phases that were quenched to high-pressure
phasedrom dense melts at high-pressures and later experi-
enced volume increase due to inversion to an a low-pressure
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compression by inversion of a parental high-pressure
polymorph that crystallized from a denseK-rich melt.
They are surrounded by radiating cracks that have ex-
tensively shattered the neighboring minerals due to vol-
ume increase induced by decompression. Similar grains
in Tenham turned out to be glass quenched from a dense
alkali-rich melt compositionally unrelated to plagioclase.
Expansion of the alkali-bearingaluminosilicate in Peace
River and the quenched dense glass in Tenham triggered
the second high-pressure event. Neither Peace River nor
Tenham contain any maskelpite.

polymorph aftedecanpression? In an attempt to adequately
address these questions, we hasaducted aletailed sur-
vey of meteoritic matrices between the melt veins in the
Peace River and Tenham (L6) chondrites in whitlask-
elynite" was previously reported [2,6,10].

Analytical techniques Plagioclase and maskelynite-
like grains were investigated in polished thin sections (PTS)
using thefollowing techniquestransmitted and reflected-
light microscopy, BSEtechniques in SEM and field
emission SEM (FESEM), electron probmicroanalysis
(EMPA), laser Ramamicroprobe (LRM) spectroscopy of
individual and selected areas of grains, high resolution

Introduction . Naturally shocked chondrites display a electron microscopy (HRTEM), and analytical electron
variety of shock features [1-9]. These include intergranular microscopy(ATEM). The areas of interest weo®red out
fractures, mosaicism, maskelynite (diaplectic plagioclase for HRTEM and ATEM using a high precision microdrill.

glass), planar deformation features (PDFs), tiredoccur-
rence of shocknelt veins that werdound to contain the

Results: PeaceRiver: We notice gradual but distinct
spatial textural andompositional changes of plagioclase

high-pressure polymorphs ringwoodite, wadsleyite, and and material thaoptically lookslike maskelynitefrom the

majorite [1-9]. Theselynamically inducedeatures seem to
follow a systematic progressive shophttern which may

vicinity of the shockmelt veins into the meteoritic matrix.
Grains adjacent to the veins asenooth with no inter-

allow the construction of a shock classification scheme for granular fractures. They are always surrounded by numerous

shocked chondritic meteorites [1]. Thiiscovery of the
assemblage majorite-pyrapger magnesiowustite thatrys-

radiating crackghat have extensively shatterebe neigh-
boring silicates, chromite, aritbilite. The radiatingcracks

tallized in melt veins in the ixiangkou and other chondrites are indicative ofvolume increaselue to expansion of the

allowed to constrain th®-T conditions duringhe crystal-
lization of this particular assembla@e9]. The chondritic

grains thaboptically looklike maskelynite. Withincreasing
distancefrom the veins, the grains ar®t fully smooth but

matrix of such shocked chondrites, which is texturally and contain cracked islands wite cracks terminating within

petrologically sharplyseparatedfrom the shock veins,
contains grains with plagioclase pfagioclase-like com-
positions. Optically, those graimse either crystalline (and
have PDFs) or, more abundantly, appear to benaorphous
glass and werepreviously believed to be maskelynite
[1,2,6,10]. The sharp transition of veins, whéoealized

melting tookplace, to a matrix, where presumably solid-

state transformationgccurred, is not yet understood [1,6].
In addition, the peak pressures estimafadringwoodite-
and majorite-bearing melt veins appear togbassly over-
estimated by ~60 GPa [1,6,7-9], and Bx@ conditions for
the neighboring chondritic matrixare not yet adequately
explored either [1,6]t is e.g. quitepuzzlingthat materials
previously described as "maskelynitate usually smooth
with little or no intergranular fractures, whifdagioclase
grains with PDFs are fractured. What are Ba€ conditions
and thedynamic processethat on theone handlead to
development of intergranular fractures with PDFplamgio-

the "maskelynite" at the contact to the smooth regions. More
than 400 mmaway fromthe melt veins grains thaptically
look like maskelynitedoes not exisany more, but only
plagioclase with intergranuldractures thatcontinue in the
neighboring silicateschramite, and troilite. Thoselagio-
clase grains do not displany radiating expansion cracks.
A systematic EMPA survey of botthe "maskelynite" and
plagioclase grains in the meteoritic matrix revealed distinct
systematic differences irtheir chemical compositions:

a) None of the smooth regionsthat optically looks like
maskelynite have a stoichiometric plagioclase composition,
and thecomposiions also differfrom that of thecrystalline
plagioclase grains. The smooth grains and regionkiging/
enriched in KO in comparison tahe fractured plagioclase
(up to 3.6 wt% vs. 0.8 wt% JO), and have a cation/anion
ratio of 6/10 [(NaKCaFg)y74Al Si)s0d01d. LRM investi-
gations showedhat these grains aneot amorphous glass
(and thus definitely arenot maskelynite, as previously

clase, and on the other hand to solid-state transformation toreported), but rather a mineral that has the structure of

maskelynite without inducingtergranular fractures during
the sameshock event? What ithe nature of the grains
described as "maskelynite" amordrites? Were theformed

by solid-state transformation to amorphous diaplectic glass,

tetrahedrally coordinated silicon such asti®e case in
olivine. The grains display two strong Raman peaks at 828
and 856 crid, and small peaks at 668, 924, and 954'.cm
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Based on these Raman results, thas®oth grains, which
compositionally differ from plagioclasenust represent a
new mineral (that we call "Phase B").dtobably formed
upon decompression by inversion of a parertah-
pressurepolymorph, that crystallized from adenseK-rich
melt. b) PotassiumX-ray maps of grains withcracked
islands (up to 200 mmaway from shockveins) revealed
that the islands consist &fDF-rich plagioclase fragments
that aredisorderly distributed ithe K-rich smoothmatrix.
PDF lamellae in these fragmerdase also enriched in K.

Discussion We did not find a single grain with mask-
elynite-like appearance thiahve plagioclase composition in
any ofthe 4 PTS of Peace River and the 2 PTSeafham
that we carefully analyzed. Smoottgrains preiously
reported in Tenham to be maskelynite [2,6,10] ae and
K-rich glasses compositionallynrelated to plagioclase. Our
findings indicate thatheyare glasses that were quenched at
high-pressure frommelts that are copositionally distinct
from maskelynite or plagioclase. In comparis@milar
material in Peace River is a crystallin-rich

Hence, we argue that the PDFs were also molten underaluminosilicate with an orthosilicate-related stwe. This

pressure and were subsequently enriched irHRTEM
confirmedthat thefractured islands to be plagioclase with
PDFs. LRM spectra ofhe cracked islands ithe smooth
regions show peakthat aretypical for plagioclasg173,
285, 411, 482 and 512 chand also peaks characteristic of
Phase Bc) Crystalline plagioclase grains >400 rmaway
from the veinsyield normal plagioclase Raman spectra
without any additional peaks. Thehockmelt veins are the
potential sourcefor the K enrichment in thechondritic
matrix. Potassium (ansbme Na) evaporatddom the melt
veins during theshock event, probably flushetle matrix
through shock inducedntergranular fractures and were
locally trapped in the meltpockets with plagioclase
composition. In facthe K X-ray maps disclosed discrete K-
rich grains attached to the walls of the intergranular
fractures which connedhe melt veins with thehondritic
matrix. EMPA broad beam analysis of shoakelt veins
revealed that K idelow delectability (<0.01 wit% JO).
The NagO-content of the veins (0.70 wt%) isalso
considerably lower than in the Peace River bulk (1.19 wt%).
Thus all K andabout half of Na were evaporatédm the
shockmelt veins during theshock event. The reasdhat
sodium was not entirely lost tthe vapor phase ighat
considerable amounts were incorporated in the majorite-
pyropess (5.1 mole % Na-majorite) orthe onset of garnet
crystallization [9].

Tenham: We find very similar textural relations in the
Tenham chondritic matrixa). A smooth naterial with the
optical appearance of maskelynite bzdmpositions not
matching plagioclase. Thegre surrounded byervasive
radiating crackshat shattered theeighboring minerals. In
fact the radiatingcracks outnumbeithe shock induced
intergranular fractured). Cracked plagioclase islands with
PDFs within material thadptically resembles maskelynite.
c) No plagioclase with intergranular fractures vessoun-
tered in the Tenham PT8) FESEM revealed that the
smoothareas and th®DF lamellae irthe cracked plagio-
clase islands preferentially are enriched in Na. LRM investi-
gations indicatethat the cracked islands with PDFs are
crystalline plagioclase2) The smooth grains in Tenham are
not as enriched in K atheir counterparts iPeace River
(1.08 wt% vs. 3.6 wt% pO). However,the NgO content
vary dramatically within individualsmoothareas (2.41 to
9.00 wt% NaO), so thatnone ofthe smooth graindas a
stoichiometric plagioclase composition. The smooth grains
do not show anyindication forthe presence of Phase B, but

instead the Raman spectra display unstructured humps for31’ Suppl.

amorphous glass, anghow strong resemblance to the
Raman spectra of material iBhergotty that optically
resembles maskelynite.

mineral is stoichiometric (6 cations/10xygens). We
concludethat the material in Tenham aR&ace River that
previously was thought to be maskelynitiel not form by
solid-state trarfermation to diaplectic glass [2,6,10], but
rather by local melting of plagioclase, followed by Na and K
metasomatism causirte enrichment of the mineral melts
in the alkalis. Both Na and K originaté@m the melt veins
through shock-induced evaporation. Na was not entirely lost
from the melt veins since it was in pamtorporated in the
majorite-pyropgsthat appeared as the liquidus phase at high
pressures and temperaturgs9]. We anticipatethat the
amount ofthe Na lostfrom the veins wagontrolled by the
difference between the peak temperature and the liquidus
temperature of themajorite-pyropes assemblage. After
garnet crystallization, no more Na was l&sim the veins.
Since K is not incorporated iny ofthe liquidus phases in
the melt veins, it was entirely lost to thapor phase and
subsequently scavenged the plagioclaseand PDF melts.
The presence of the pervasive radiatangcks around the
smooth naterial thatoptically looks like maskelynite in
Peace River and Tenham indicates that the grainsmust
experienced considerable volume increase due to expansion.
The expansion, evidently induced a second high-pressure
event, with amagntude (presumabljew GPas) lower than
the shock inducedpeak pressures, caused thervasive
fracturing of the meteorite matrices. Thsgcond high-
pressure event must have taken place after solidification of
the alkali-rich melt under high-pressures siageéNe find
no alkali-rich offshoots iithe radiating expansion cracks,
Smoothgrains adjacent to thehock melt veins induced
radiating crackshat penetrated and shattered tfenet-
magnesiowdistite intgrowth in these veins,c) Metal-
troilite blebs in the veins do not displayny offshoots in
these radiating cracks. We hence estinthtg thesecond
event took place at T belothe Fe-FeS eutectic (<980°C).
Our results callfor a carefuland detailed scrutiny of
shocked chondritic metdtes in which maskelynite was
previously reported [1].
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